Molecular and biochemical genetic analyses have revealed that many marine invertebrate taxa, including some wellstudied and presumably cosmopolitan species, are actually complexes of sibling species. When morphological differences are slight and estimated divergence times are old, data suggest either unusually high rates of sequence evolution or long-term morphological stasis. Here, five gene regions (mitochondrial cytochrome oxidase subunit I and large-subunit ribosomal 16S rDNA and nuclear ITS1, 5.8S rDNA, and ITS2) were analyzed in four geographic samples of the meiobenthic harpacticoid copepod Cletocamptus deitersi. Molecular sequences revealed four extremely differentiated molecular lineages with unalignable nuclear intergenic spacers and mitochondrial uncorrected divergences reaching 25% (cytochrome oxidase) and 36% (16S rDNA). These levels of divergence are greater than those reported previously for congeneric species in diverse invertebrate taxa, including crustaceans. The nominally intraspecific divergence matches or exceeds the corresponding divergence from a known congener (Cletocamptus helobius). A molecular clock applied to the cytochrome oxidase subunit I data suggests that these lineages split in the Miocene, consistent with the fossil record of a North American Cletocamptus from the same period. Morphological differences among the major lineages are subtle but congruent with the patterns of genetic differentiation. Our conclusion, based on concordant patterns of variation in two mitochondrial and three nuclear gene regions, as well as morphological observations, is that C. deitersi in North America is composed of at least four separate species by the genealogical concordance, phylogenetic, and morphological-species criteria. Alternative explanations for the deep phylogenetic nodes and apparent morphological stasis, including high rates of sequence evolution, balancing selection, and genetic signatures of historical events, are considered unlikely.
Introduction
When morphological stasis persists after speciation events, resulting species may continue to diverge genetically in the absence of morphological differentiation, producing cryptic species. An inability to recognize cryptic or sibling species using traditional morphological analyses has hindered our understanding of ecological and evolutionary processes, with negative consequences such as underestimation of true levels of species-richness, overestimation of potential for long-distance dispersal in putatively cosmopolitan species, failure to recognize cryptic biological invasions, and misinterpretation of ecological and paleoecological data (e.g., Knowlton et al. 1992; Geller et al. 1997) .
Cryptic species of small metazoan invertebrates (Ͻ2 mm body length and Ͻ5 g dry weight) are particularly difficult to identify using morphological criteria alone. Small body size generally reduces the number of taxonomic characters available, and many groups have soft bodies that preserve poorly. With improved microscopic techniques and more consistent use of an advanced conceptual framework of systematics methods, many invertebrates once supposed cosmopolitan are now considered to have more limited geographic ranges.
For example, the fraction of cyclopoid copepods that are putatively Holarctic has decreased from 68% to 28% as the proportion of Nearctic species shared with the Palearctic region has steadily declined (Reid 1998) . Cryptic species are also known to occur among harpacticoid copepods (e.g., Ganz and Burton 1995) ; however, improved taxonomic techniques and inclusion of characters such as body ornamentation suggest that harpacticoid cryptic species can frequently be distinguished based on subtle morphological characters (Huys et al. 1996) , thereby representing ''pseudosibling species'' sensu Knowlton (1993) .
Cletocamptus deitersi (Richard 1897) is a canthocamptid meiobenthic copepod with a highly cosmopolitan distribution reported from inland brines (seeps, streams, and lakes), as well as coastal estuaries and mangroves on all continents except Europe (Mielke 2000) . This species has been shown to be morphologically polymorphic within and between populations (e.g., Fleeger 1980; Mielke 2000) . Cletocamptus deitersi lacks a planktonic dispersing larval stage, since free-living larval stages develop benthically, and adults and juveniles are capable of only short-distance (meter-scale) dispersal through the water column (Sun and Fleeger 1994) . The geographical isolation of inland brines suggests that long-distance migration and colonization events are rare and that gene flow should be limited among inland populations. Morphological variability and the potential for geographic differentiation make C. deitersi a good candidate for analyses of geographic genetic variation aimed at determining the existence of cryptic species and understanding how rates of morphological and molecular evolution are related.
Using a multilocus approach, we analyzed Cletocamptus deitersi from four localities in North America PCR Amplification and Sequencing All copepods were subject to an initial PCR amplification of the mitochondrial DNA (mtDNA) cytochrome oxidase subunit I (COX-I) gene using universal primers (Folmer et al. 1994 ; 0.72 mM total dNTP, 2.5 mM MgCl 2 , 1 U Promega Taq in manufacturer's ''A'' buffer; conditions for Perkin Elmer 480 thermal cycling were as follows: 10 min at 95ЊC, followed by 40 cycles of 15 s at 95ЊC, 30 s at 40ЊC, and 60 s at 72ЊC, and a final extension time of 5 min at 72ЊC). We sequenced two additional gene regions in copepods representative of the major lineages identified on the basis of COX-I sequences (except for the Mexican copepods, for which all gene regions were sequenced in all individuals): (1) part of the mitochondrial largesubunit ribosomal DNA (LSU rDNA 16S), amplified using Palumbi's (1996) 16SAR and 16SBR universal primers, and (2) part of the nuclear rDNA, comprising all of ITS1, ITS2, and the intervening 5.8S rDNA, amplified using Heath, Rawson, and Hilbish's (1995) ITS primers (cf. table 1 in Heath, Rawson, and Hilbish 1995) . We designed Cletocamptus-specific internal primers for reamplification of weak initial reactions (COX-I: CLEintF [TTTTGATTTTCTYATCCAGC] and CLEintR [CCTAGTAANGARGAAATTCC] ), for amplification when universal primers failed (16S: 16SciF [YTAAGGTAGCATAGTAA] and 16SciR [TTAATTCAACATCGANGTC] ), and for sequencing of long PCR products (nuclear rDNA: 5.8SciF [GGGGTCGATGAAGAACG] and 5.8SciR [CCCTGA-GCCAGACATGG] ). Target PCR products were electrophoresed, excised from gels (2% agarose), purified using columns (QiaQuick, Promega), and sequenced using Applied BioSystems ABI-Prism Big-Dye terminator chemistry (Perkin-Elmer) in scaled-down reactions and run on an ABI-377 Gene Analyzer. Representative nucleotide sequences have been submitted to GenBank (AF315001-AF315033).
Multiplex Haplotype-Specific PCR
We designed a rapid, cost-effective method of large-scale genotype screening of individual copepods, using a multiplex haplotype-specific PCR reaction (MHS-PCR; Rocha-Olivares 1998), to assign copepods to one of the first two COX-I mtDNA major lineages. Initial LCOI-HCOI amplicons were used as templates in the MHS-PCR, in which the size of the products, visualized in an agarose gel, could be used for PCR-based genotyping. Multiplexing with nested primers produced a positive control amplicon in all haplotypes and a second, haplotype-specific, amplicon, whose size would be diagnostic ( fig. 1 ). All MHS-PCR batches included experimental positive and negative controls. We sequenced a number of copepods genotyped with MHS-PCR to verify the accuracy of the method.
Data Analyses
Orthologous nucleotide sequences were aligned with the CLUSTAL W algorithm (Thompson, Higgins, and Gibson 1994) with default parameters. In mitochondrial and nuclear rDNAs, inferred indels were further adjusted by eye to minimize those separated by one or very few bases. Aligned nucleotide sequences, with the exception of internal transcribed spacer (ITS) regions, were used to reconstruct gene trees using maximum parsimony (MP) and neighbor joining (NJ) with the program PAUP*, version 4.0b4a (Swofford 1998) . NJ searches were made with distances computed using a best-fit model of nucleotide substitution. Models were fit to each data set (COX-I, 16S, and 5.8S) under a maximum-likelihood framework and tested for significance (overall ␣ ϭ 0.05 after Bonferroni correction) with likelihood ratio tests (LRTs) using the program Modeltest, version 3.04 (Posada and Crandall 1998) . Branch sup- Yang and Nielsen (1998) with the program PAML, version 3.0b (Yang 1997) .
Morphological/Genetic Comparisons
For both sexes, the number of inner setae on the distal segment of the third-swimming-leg exopod is known to differ within and among C. deitersi populations (Fleeger 1980) and in related species (Mielke 2000) . To determine if morphological and genetic patterns correlated in C. deitersi, 51 specimens from Louisiana and 23 from Alabama were examined morphologically and genetically. The third leg was removed with a fine probe, mounted on a microscope slide, and examined with phase microscopy. The remaining copepod tissue was used for DNA extraction and genotyping by MHS-PCR. Specimens were given identification numbers upon dissection, and genetic analysis was conducted without knowledge of their geographic origins. In addition, the third-leg exopods of several specimens from California and Mexico were examined and compared with specimens from the Gulf of Mexico.
Results

Genotypic Variability
A total of 135 copepods (121 C. deitersi, 7 C. helobius, 2 Coullana sp., and 5 C. pacificus) were initially sequenced for one or more gene regions. The number of distinct COX-I haplotypes per locality ranged from 1 (Mazatlán) to 10 (Alabama) (table 1). COX-I sequences fell into one of three major types, which will be hereinafter referred to as ''major types'' or ''major lineages.'' Type I was found among copepods from Alabama, and type II was found predominantly among organisms from Louisiana but also in Alabama, whereas type III was exclusively present in all copepods from California (IIIC) and Mazatlán (IIIM). A small fraction of copepods from Louisiana also harbored type I sequences.
Of all the C. deitersi of types I and II genotyped (sequencing ϩ MHS-PCR, total N ϭ 240), 11 (7.7%) from Louisiana harbored type I, and 132 (92.3%) harbored type II COX-I sequences. Conversely, 90 (92.8%) C. deitersi from Alabama had type I, whereas only 7 (7.2%) had type II. All COX-I sequences obtained from 15 haphazardly selected copepods genotyped via MHS-PCR (both type I and type II) corroborated the identifications obtained with the PCR-based method.
Eleven distinct 16S sequences were found among 47 C. deitersi analyzed (table 1). Overall, the 16S rDNA followed the same pattern as COX-I, in that sequences fell into major types analogous to those identified earlier.
We obtained nuclear rDNA sequences from 23 C. deitersi, 4 C. helobius, and 1 C. pacificus (table 1). The nuclear gene regions showed different levels of variation, with ITS having the highest and 5.8S having the lowest. Except for the Mexican copepods that shared two distinct ITS1 alleles but only one ITS2, the remaining copepods had the same number of ITS1 and ITS2 distinct alleles. In sharp contrast, the 5.8S rDNA showed very low variability, with only four distinct alleles among the 23 C. deitersi and two among the 4 C. helobius (table 1) . However, no nuclear alleles were shared between the two congeneric species. In both ITS regions, alleles assorted into three extremely divergent groups, each matching the major mitochondrial types (I, II, and III) previously identified on the basis of the mtDNA sequences. On the other hand, one of the four 5.8S alleles was shared by individuals with different mtDNA types, notwithstanding the fact that in each organism the same 5.8S allele was flanked by drastically different ITS alleles falling into the divergent groups described above.
Intraspecific and Interspecific Levels of Genetic Differentiation
Levels of genetic differentiation within each major type of C. deitersi were small and typical of those found among conspecific organisms, leading to the assumption that each type represents a putative species. Mitochondrial genes were less variable (0.2%-1.7%; diagonal of table 2) than noncoding nuclear ITS regions (2.7%-8.5% in faster-evolving ITS1 and 0.7%-2.6% in ITS2; table 3). As expected, intralineage variation in the 5.8S rRNA gene was virtually absent. Although copepods from Mazatlán were unequivocally most closely related to those from California, they were quite differentiated in both mitochondrial (11% in COX-I and 5% in 16S rRNA) and nuclear (12% in ITS1 and 2.8% in ITS2) genes (table 3) . Thus, four species may be represented within our three major lineages of C. deitersi.
Further evidence that our nominal C. deitersi is composed of more than one species came from a comparison with its morphologically differentiable congener C. helobius. Organisms of the three major lineages of C. deitersi were as genetically differentiated from each other as they were from C. helobius. Corrected levels of mtDNA sequence divergence among the three major lineages were at least one, if not two, orders of magnitude higher than intralineage divergences, with values ranging from 48.7% to 88.3% (20.8%-26.4% uncorrected) in the COX-I gene and from 29.4% to 82.5% (20.3%-36.0% uncorrected) in the 16S rRNA (table 2). The corresponding values of indisputably interspecific (i.e., C. deitersi vs. C. helobius) differentiation were 71.9%- -16S distances were computed on a 16SAR-16SBR fragment corrected for missing data for type IIIM and CH. On the diagonal, line 1 ϭ COX-I, line 2 ϭ 16S (mean uncorrected percent nucleotide site differences [%p] , n ϭ number of comparisons). Off the diagonal, line 1 ϭ uncorrected %p, line 2 ϭ %K81ufϩIϩG (COX-I), and %TIMϩIϩG (16S) (range in parentheses), line 3 ϭ number of comparisons. See text for explanation of genetic distance measures. NA ϭ not applicable. (table 3) ; instead, we present the imposed multiple alignment as qualitative evidence of the extent of differentiation ( fig. 2 ). The alignment shows that aside from the well conserved 18S and 5.8S rDNAs, the alignability of the sequences decays rapidly in the ITS regions, but not to the same extent among the lineages of Cletocamptus, since types II and III share more structural elements. Finally, in the slowly evolving 5.8S rRNA gene, mean levels of intraspecific variation in the nominal C. deitersi were smaller (0.6%-1.5%) than those of interspecific variation (3.7%-4.6%).
Molecular Evolution and Phylogenetic Analyses
The 16S amplicons in C. deitersi were either 462 bp (type I) or 467-468 bp (types II and III) in length.
The amplified mitochondrial COX-I fragment was 658 bp long in all organisms. Almost a third of the nucleotides were variable (228 total variable sites; the ratio of variable 1:2:3 codon positions was 43:8:177). Inferred COX-I amino acid sequences revealed that all nucleotide substitutions within types I and II were silent (details not shown). Most amino acid replacements were conservative with respect to hydrophobicity (20 out of 23; see supplementary data at http://www.molbiolevol.org). Rates of synonymous and nonsynonymous substitutions along the lineages leading to types I, II, and III were
Different models of nucleotide substitution were fitted to each data set. For the COX-I gene, the best-fit model was K81 (Kimura 1981 ) with unequal base frequencies corrected for proportion of invariable sites (I) and for rate heterogeneity among sites with a Gamma distribution (G; Yang 1993) . For the 16S rRNA gene, the best-fit model was TIM (TIMϩIϩG; Rodriguez et al. 1990 ), whereas for the 5.8S rRNA gene, the best-fit model was Jukes-Cantor (Jukes and Cantor 1969) (table  4) .
The COX-I and 16S rDNA alignments including all taxa had, respectively, 309 and 215 variable sites (treating indels as missing data), of which 275 and 180 were parsimony-informative. The strict-consensus tree of the eight COX-I most-parsimonious reconstructions obtained via branch-and-bound (length ϭ 670 steps, consistency index [CI] ϭ 0.72, retention index [RI] ϭ 0.91) was completely congruent with the NJ tree ( fig.  3 ). For the 16S, the NJ tree differed from the three branch-and-bound most-parsimonious trees (length ϭ 419 steps, CI ϭ 0.79, RI ϭ 0.87) in that Cletocamptus was not monophyletic. Instead, C. helobius was sister to type I sequences and both were a sister group to the rest of the C. deitersi sequences ( fig. 3 ). An NJ tree constrained by monophyly of C. deitersi was not significantly different from the unconstrained tree (LRT; ␦ ϭ 2.48, P ϭ 0.43). In the MP analyses, the monophyly of C. deitersi had a nonparametric bootstrap branch support of 64%. Trees featured extensive unresolved polytomies within each major type (I, II, and IIIC) but were otherwise completely resolved. Both mtDNA gene trees featured long branches, in excess of 30% corrected sequence divergence, separating C. deitersi types I, II, and III and the other congeneric and noncongeneric species. All bootstrap replicates recovered the monophyly of the three major mitochondrial types in both genes. Within type III sequences, the Californian haplotypes formed a reciprocally monophyletic assemblage relative to the Mexican haplotypes with very high bootstrap support. Despite overall topological congruence of the gene trees, considering that a 16S NJ tree constrained by the monophyly of C. deitersi is not significantly worse than the one shown ( fig. 3) , the two mtDNA genes were not equally powerful in resolving the relationships of the major lineages within Cletocamptus. For example, the sister taxon relationship between types II and III was very strongly supported by the NJ analysis of the 16S data set but less so by the corresponding MP analysis or by the COX-I data set (bootstrap 55%-57%). Monophyly of Cletocamptus and Harpacticoida, however, was very well supported by the mtDNA data (bootstrap Ͼ 93%).
The nuclear 5.8S rDNA alignment was 166 bp long with 32 variable sites, of which only 6 were parsimonyinformative. An exhaustive search produced a single most-parsimonious reconstruction (length ϭ 33, CI ϭ 1.0, RI ϭ 1.0), and the NJ reconstruction was completely congruent (fig. 4) . Unlike the mitochondrial gene trees, the nuclear 5.8S rDNA proved more powerful for supporting the monophyly of C. deitersi (fig. 4) . Variation within C. deitersi was too small to gain any insight into the phylogenetic relationships among mitochondrial lineages.
Branch-and-bound maximum-likelihood analyses using best-fit models of substitution and one representative sequence of each Cletocamptus lineage, including C. helobius, indicated that the existence of a molecular clock could not be rejected in the mtDNA genes (COX-I: 2 ϭ 2.89, P ϭ 0.41; 16S: 2 ϭ 6.04, P ϭ 0.11).
Morphological/Genetic Comparisons
All specimens of C. deitersi examined in this study had indistinguishable body plans (i.e., body length and width, rostrum shape, caudal rami shape, and leg segmentation were essentially identical). Small variations in leg setation and body ornamentation have been described in species related to C. deitersi. For example, the number of inner setae on the distal segment of the third-leg exopod of Cletocamptus axi (one seta) differs from that of Cletocamptus schmidti (two setae) in both sexes (Mielke 2000) . Specimens from Louisiana, California, and Mexico all had one inner seta, whereas those from Alabama had two. MHS-PCR was successful for 70 of the 74 specimens. Copepods with one inner seta on the third-leg exopod, all from Louisiana, were of mtDNA COX-I major type II, whereas those with two inner setae, all from Alabama, were of type I.
Discussion
Genetic Diagnosis of Species Boundaries
Species criteria are not necessarily mutually exclusive, and alternate criteria typically capture different aspects of the biological information present in a particular data set. We suggest that rather than use a single criterion specified a priori for diagnosing species boundaries, using multiple criteria simultaneously can produce species identifications that are more robust to the assumptions employed by different investigators. Therefore, where appropriate, we will make specific reference below to the genealogical concordance, phylogenetic, and morphological species criteria (see de Queiroz [1998] for terminology).
The nominally intraspecific genetic differentiation found in mitochondrial and nuclear gene regions among major lineages of C. deitersi represents the largest yet reported for a marine invertebrate and strongly suggests that North American lineages are composed of cryptic species. The likelihood that the large genetic differen- tiation is due to sequences derived from nonfunctional paralogous copies (e.g., pseudogenes), as reported for other crustaceans (Schubart, Neigel, and Felder 2000b) , is negligible. This assertion is supported by patterns of nucleotide substitutions, in relation to reading frames and rates of synonymous and nonsynonymous substitutions per synonymous and nonsynonymous sites (d S / d N ) (COX-I), coding versus noncoding regions (5.8S rDNA), and secondary structures (16S, 5.8S rDNA) observed in the gene regions examined (details not shown). Also, our sequence data sets are large (table 1), so the apparent absence of intermediate nodes in our phylogenetic reconstructions is not an artifact of inadequate sampling within our four collecting sites (e.g., Funk 1999) . Instead, the three major types (I, II, and III) can be characterized as separate species using the phylogenetic-species and the genealogical-concordance criteria. In addition, our data and preliminary morphological observations (S. Gómez, personal communication) suggest that type III may be composed of two species. Admittedly, we analyzed samples from only four localities in one subcontinent of the almost cosmopolitan C. deitersi. arating the major lineages and those separating individual sequences within lineages. Although such a potential result would complicate the use of sequence data for systematic purposes within Cletocamptus, it would not invalidate our major conclusions concerning the existence of deep lineages and morphological stasis.
Additional support for the assertion that our collections are composed of highly divergent species comes from comparison with orthologous sequences of a bona fide congeneric species (tables 2 and 3) and from comparisons with patterns of genetic differentiation found in more than 200 invertebrate taxa (table 5). These patterns show that levels of mtDNA differentiation among the major types in C. deitersi are comparable to those found at several supraspecific and often suprageneric levels (table 5). The divergence between Mexican (IIIM) and Californian (IIIC) copepods is dwarfed by that found among the major mtDNA types (I, II, and III), but it is comparable to that separating morphologically differentiated and uncontested species in other congeneric arthropods (table 5) . In contrast, intraspecific differentiation in divergent lineages suspected of harboring cryptic or sibling species are generally considerably smaller than those found in C. deitersi (table 5). Levels of mtDNA divergence comparable to those in C. deitersi have been found in the freshwater amphipod Hyalella azteca and the marine harpacticoid copepod Tigriopus californicus. In H. azteca, seven mitochondrial lineages of presumed cryptic species sampled within central glaciated North America showed extreme levels of divergence (COX-I: 20.2%-27.6% corrected; Witt and Hebert 2000) . In T. californicus, allopatric populations at one end of the species range in southern Baja California exhibit reproductive isolation (Ganz and Burton 1995) and very large levels of divergence (COX-I: 18%-23% uncorrected; S. Edmands, personal communication) from the rest.
We have not found in the literature a degree of ITS differentiation as extreme (i.e., unalignable sequences) as the one found among the putative cryptic species in C. deitersi in conspecifics and in members of closely related complexes of cryptic or sibling species. Congeneric invertebrates can sometimes show significant differentiation in the ITSs of nuclear ribosomal genes (e.g., up to 23% across taxa in Acropora; Odorico and Miller 1997) . More often, however, ITS sequences show incipient levels of differentiation (Ͻ5%) among subspecific organisms or others belonging to complexes of cryptic or sibling species (e.g., black flies in the genus Simulium; Tang et al. 1996) . In the ITS1 of Microarthridion littorale, the only harpacticoid ITS sequence reported to date, the largest divergence (only 10.8%) was found between organisms bearing extreme cytochrome b differentiation (ca. 30%, computed from data in Schizas et al. [1999] ).
The comparisons cited above strongly suggest that genetic differentiation among the major lineages of the nominal harpacticoid C. deitersi would be reconcilable with intraspecific polymorphism only in the presence of (1) extraordinarily high rates of molecular evolution in both mitochondrial and nuclear genomes, (2) strong balancing selection, or (3) historical vicariant events that would maintain the polymorphisms. We argue that additional evidence contradicts these alternative interpretations.
First, there appears to be a strong correspondence between morphology (third-leg setation) and molecular lineage (nuclear and mitochondrial) in 70 nominal C. deitersi COX-I's examined from Louisiana and Alabama. All copepods with one inner seta on the third-leg exopod were from Louisiana and all were of type II, whereas those with two inner setae, all from Alabama, were of type I. Our molecular studies show that both type I and type II lineages are sympatric in Louisiana and Alabama, with both locations exhibiting one dominant and one rare lineage. Even though leg setation could be environmentally determined (e.g., by salinity, which is much higher at the brine stream), Fleeger (1980) found that both morphotypes (one or two inner setae on the third-leg exopod) co-occur in Louisiana salt marshes. This suggests that leg setation is not a morphologically plastic nongenetic response or an adaptive character under strong habitat-specific selection that has evolved rapidly relative to the timing of cladogenetic events. This trait thus provides more evidence of concordant patterns of molecular and morphological variation, consistent with the interpretation that types I and II constitute separate species on multiple criteria. Concordance of molecular and morphological variation would not be expected if the deep phylogenetic nodes separating the major types were an artifact of high mutation rates in the gene regions examined.
Second, the suggestion that gene regions from two genomes would all be under strong balancing selection appears unlikely. Selection can maintain ancient polymorphisms within, and even between, species (Hughes Table 5 Comparison of Genetic Divergence in Mitochondrial Genes Among Lineages of Cletocamptus deitersi and Among Other Invertebrate Taxa of Different Taxonomic Levels COX-I COX-I COX-I COX-I COX-I This study Palumbi and Benzi (1991) This study Avise, Nelson, and Sugita (1994) Tam, Kornfield, and Ojeda (1996) C. deitersi ( This study Bucklin, Caudill, and Guarnieri (1998) Marine gastropods: Littorina This study Avise, Nelson, and Sugita (1994 ) Tam, Kornfield, and Ojeda (1996 ) Schubart, Neigel, and Felder (2000a ) Cunningham, Blackstone, and Buss (1992 Grapsoid crabs This study Jarman and Elliott (2000) Among This study Andersen et al. (2000) This study Knowlton et al. (1993) This study Schubart, Neigel, and Felder (2000a ) Patarnello et al. (1996 ) Cunningham, Blackstone, and Buss (1992 Tam, Kornfield, and Ojeda (1996) Tam, Kornfield, and Ojeda (1996) Knowlton et al. (1993) Witt and Hebert ( Bucklin, Caudill, and Guarnieri (1998) This study Baric and Sturmbauer (1999) (Kimura 1980) , HKY-⌫ ϭ Hasegawa, Kishino, and Yano (1985) model with gamma correction for rate heterogeneity among sites (Yang 1993) .
Several distance metrics are reported for C. deitersi for ease of comparison with earlier studies.
and Yeager 1998). The only mechanism for maintenance of ancient alleles in mtDNA that has been reported in invertebrates is male-and female-specific mtDNA genomes associated with sex determination in some bivalves (e.g., Quesada, Wenne, and Skibinski 1999) . However, this is unlikely here, since the skewed relative frequencies of type I and type II sequences between Alabama and Louisiana (i.e., type I is rare in Louisiana, but type II is rare in Alabama) suggests no connection with sex determination. Third, it is possible that C. deitersi shows genetic signatures of historical vicariant events in the form of high levels of genetic differentiation. Such patterns have been documented for a number of coastal marine invertebrates in different regions of the world, including the harpacticoid copepod T. californicus (Burton and Lee 1994 ; but see Burton 1998) . In these continuously distributed species, a deep genetic break coincides with a documented faunal break, reflecting the influence of historical vicariant events (phylogeographic category I of Avise [2000] ). Limited geographic sampling prevents determination of whether any of our deep phylogenetic nodes correspond to known phylogeographic break points in other species. However, this scenario does not involve mechanisms preventing conspecific organisms from hybridizing in sympatry. Although present samples are limited, we did not detect heterozygosity for nuclear rDNA sequences characteristic of types I and II in either the Alabama or the Louisiana samples. This inferred lack of hybridization provides evidence against a vicariant explanation of deep phylogenetic nodes and corroborates the genealogical-concordance results. Additional nuclear genes are needed to determine the extent of reproductive isolation of sympatric types I and II, which would satisfy the biological-species criterion.
Temporal Perspective
Extensive genetic differentiation among the genetic lineages of C. deitersi suggests long times since initial divergence. Assuming that the rate of molecular evolution in the COX-I gene calibrated in other crustaceans can be applied to C. deitersi, copepods from the Salton Sea and Mazatlán appear to have shared a common ancestor between the late Miocene and the early Pliocene (table 6). The molecular ancestor of lineages II and III dates back to the early and middle Miocene, and the oldest divergence between lineages I and II and lineage III dates back to a time between the late Eocene and the early Miocene (table 6) . These dates are in remarkable agreement with the fossil record. Fossilized specimens assignable to Cletocamptus have been found in sedimentary deposits dating to the middle and late Miocene (Palmer 1960) . The fossils are similar to an extant species, Cletocamptus albuquerquensis (Herrick) but cannot be identified due to lack of preservation of key characters. However, close resemblance between the fossil and recent Cletocamptus suggests a morphological conservatism that has lasted for more than 10 Myr, a timescale comparable to the one suggested by the molecular data of the seemingly old cryptic species of C. deitersi. NOTE.-Rates of molecular evolution used for the 16S rRNA gene include 0.38% Kimura two-parameter/Myr for anomurans (Cunningham, Blackstone, and Buss 1992) and 0.90% Kimura two-parameter/Myr for fiddler crabs (Sturmbauer, Levinton, and Christy 1996) . A second calibration of 0.65%-0.88% Kimura twoparameter/Myr (Schubart, Diesel, and Hedges 1998) obtained from grapsid crabs gave intermediate values. COX-I calibrations of geminate species of alpheid shrimps include 1.4% maximum-likelihood-⌫/Myr (Knowlton and Weigt 1998) and 2.4% Kimura two-parameter/Myr . A third calibration of 1.66% Kimura two-parameter/Myr (Schubart, Diesel, and Hedges 1998) obtained from grapsid crabs also gave intermediate values.
Letters following values refer to the correction using the HKY85-⌫ (H) or the Kimura two-parameter model (K). These models were used in order to match those used in the calibrations; best-fit models would produce older estimates.
The mitochondrial 16S rDNA distances and rates yield larger estimates of divergence than the COX-I gene data (table 6 ). The discrepancy may be accounted for by a larger correction imposed by the Hasegawa, Kishino, and Yano (1985) model with gamma correction for rate heterogeneity among sites (Yang 1993) on the 16S rRNA gene, particularly with respect to the rate heterogeneity among sites, and, more importantly, by the relative rates of evolution of both genes in C. deitersi, where it appears that the 16S rRNA gene evolves faster than the COX-I gene (table 2) . This difference is likely the result of the inclusion of hypervariable regions in the molecule (i.e., loops) that are much less variable in the taxa and timescales involved in rate calibrations. Rates previously reported (cf. table 6) reflect that the COX-I gene evolves twice to almost six times as fast as the 16S gene. Even if the present COX-I gene sequences showed uncorrected saturation and the ''true'' rate of evolution was closer to the one shown by the 16S rRNA gene, this would only increase the estimates of time since divergence, making the morphological conservatism of C. deitersi even more remarkable.
Morphological Stasis
Two types of analyses have generally been conducted to address the question of whether evolutionary processes such as drift, mutation, and selection result in a correlation between rates of morphological and molecular evolution over diverse time intervals. One approach is to collect DNA sequence or other molecular data on morphologically conservative taxa and compare the amounts of molecular divergence at particular taxonomic levels to amounts of divergence characterizing the same taxonomic levels in less conservative taxa (e.g., Wilson, Carlson, and White 1977; Avise, Nelson, and Sugita 1994; King and Hanner 1998; Jarman and Elliott 2000) . These studies have provided clear evidence of a decoupling between the two rates of evolution in selected taxa. When molecular divergence times can be dated with geological evidence, the results are consistent with morphological stasis. The generality of these studies has been questioned, both on the grounds that taxa known a priori to be morphologically conservative were chosen for analysis (Omland 1997 ) and on the grounds that nonmorphological characters such as physiological, ecological, or behavioral traits might show changes that are correlated with molecular differences (Schubart, Neigel, and Felder 2000b) . A second approach is to compare rates of morphological and molecular evolution in taxa chosen without bias regarding expectations about these rates. For example, Omland (1997) found significant positive correlations between inferred morphological and molecular branch lengths in a phylogenetic study of eight taxa. Our study is somewhat different from both of these approaches in that we had no prior expectation of ancient divergence times in the presence of morphological conservatism within the nominal C. deitersi. This result may, in part, reflect developing taxonomic resolution within Cletocamptus, and retrospective analysis of our four major types (I, II, IIIC, and IIIM) has revealed subtle morphological differences among them (S. Gómez, personal communication). However, even the most genetically divergent lineages in our data set share identical body plans, and they cannot be differentiated by casual observation at magnifications of less than 100ϫ (J.W.F., unpublished data). We conclude that the morphological stasis of these types over a time interval of at least 10 Myr is real. Given the challenge of studying evolutionary and ecological processes in these small benthic copepods, one way to increase our understanding of the mechanisms and patterns of morphological stasis from a comparative perspective would be to examine additional meiobenthic invertebrate taxa for the occurrence of cryptic species and deep evolutionary lineages.
Supplementary Material
The nucleotide alignment of the COX-I sequences submitted to GenBank is available at http:// www.molbiolevol.org.
